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ARS FUSARIUM/FUMONISIN WORKSHOP 


Fumonisins burst into world food safety concern in 1988 when the South African group (Marasas, 
Gelderbloom and associates) identified fumonisin B1 (FB1) as a toxic metabolite produced by Fusarium 
moniliforme, demonstrated that FB1 produced leukoencephalomalacia in a horse, and proposed a possible 
link of F. moniliforme infected corn to esophageal cancer in humans. (The fungal metabolites 
moniliformin and fusarin C had been found previously in corn but were known not to be the cause of 
equine leucoencephalomalacia). Doubtless the identity of fumonisins was long delayed because it is a 
water soluble compound and most toxic fungal metabolites with which scientists have had experience are 
fat soluble. 


Since 1988, research with fumonisins has proceeded at a swift pace. We know far more about 
fumonisins, chemically and biologically, than was known about aflatoxins seven years after establishment 
of their chemical structure in 1965. This can be attributed to (1) the rapid development of scientific 
technologies that has taken place in the last 30 years, and (2) to the recognition by agricultural and other 
researchers that fungi do produce toxic secondary metabolites which can appear in enormous quantities in 
food and feed commodities in years when environmental conditions are favorable for their production. 


We are fortunate that aflatoxins came first and sensitized the research community, since the control of 
fumonisins is more complex and challenging than even that of the aflatoxins. Fumonisins are water 
soluble and do not carry a built in fluorescent tag to simplify detection as do aflatoxins. Fusarium 
moniliforme produces many more toxins than does Aspergillus flavus and A. parasiticus, and F. 
moniliforme has a sexual phase of reproduction although this may actually confer advantages in study of 
its biology. As with the aflatoxins, we do not yet know the significance of these secondary metabolites 
to the fungus or to the host plant and, with the possible exception of fusaric acid, we know little of the 
effects of F. moniliforme toxins to animals beyond that of the fumonisins. Lastly, and probably most 
important, Fusarium moniliforme is a true endophyte of corn. It can be transmitted through the seed to 
succeeding crop generations and, like many endophytes, its presence may actually afford some 
advantages to the host corn plant. This relationship may complicate the development of contro! strategies. 


ARS has a major Fusarium/fumonisin research program. Research accomplishments by scientists 
working on fumonisins are an excellent example of the strength of ARS research. ARS initiated research 
into the biological effects of Fusarium moniliforme 3 years prior to the discovery of the fumonisins. 
Since 1988 ARS scientists have made many important contributions to the state of knowledge about the 
biosynthesis, distribution, toxicity and mode of action of this widespread and important mycotoxin. 

Much of the rapid progress in this research area is due to the ability of ARS scientists to form 
multidisciplinary teams within and among ARS locations to work together to solve critical problems in 
agriculture. Equally important are the many collaborations with researchers from other agencies, 
universities, and industry. 


ARS scientists at the Athens location were the first to find fumonisin B, in naturally contaminated corn. 
Surveys of isolates of F. moniliforme mating population A by ARS scientists in Peoria found that most 
strains could produce large amounts of fumonisins when grown on corn in the laboratory. ARS scientists 
developed methods to measure fumonisins in corn and corn products and freely distributed analytical 
reference samples of fumonisin B, to other scientists world wide at a time when it was simply not 
available from any other source. In the fall of 1989 and winter of 1990 a large number of disease 
problems occurred with animals who had eaten corn screenings from the 1989 corn crop in the Midwest 
and Texas. These included a large number of cases of Equine leukoencephalomalacia (ELEM), a 
devastating disease in horses, and cases of porcine pulmonary edema. Scientists in Peoria and at the 
USDA-APHIS National Veterinary Services Laboratories and their collaborators found high levels of 


fumonisins associated with these disease outbreaks. These data formed the framework of current 
advisory levels of concern set for fumonisin exposure levels in farm animals. 


Noting the similarity of the structure of fumonisins to sphingolipids, ARS scientists at the Athens 
location in collaboration with Emory University scientists developed and tested the now widely accepted 
hypothesis on the mode of action of fumonisins. They found that fumonisins inhibit a step in the 
sphingolipid biosynthesis pathway in plants and animals, and the toxicity of fumonisins is closely 
correlated with disruption of sphingolipid metabolism. Sphingolipids are now recognized as important 
signal molecules in many biological pathways, including cell proliferation and cell death. Toxicology 
studies by ARS scientists at Athens confirmed the toxicity of fumonisins to rat liver reported by the 
South Africans and identified the kidney as a major target of fumonisins. ARS scientists at Peoria 
prepared deuterium, tritium, '*C and 'C labeled fumonisin B,. The stable isotopes were used as 
analytical standards for mass spectrometry based quantitative methods, while the radio labeled fumonisins 
were used in pharmacokinetic studies at the ARS Athens location. These studies showed that the bulk of © 
fumonisins are very rapidly excreted with small levels retained in kidney and liver, the target organs. : 


ARS scientists have also had key roles planning and implementing a major 1-year FDA-USDA/ARS- 
National Institutes of Environmental Health Sciences/National Toxicology Program (NIEHS/NTP) 
collaborative toxicology study of fumonisin B, designed to provide data needed by regulators to make 
risk assessments for human exposure to fumonisins. Scientists at the Athens location did all the | 
preliminary studies that were used to set dose levels for the ongoing study. Commercially purchased, the — 
1000 grams of fumonisin B, needed for this study would have cost in excess of 25 million dollars. ARS 
scientists in Peoria developed the methods of large-scale purification and trained the scientist at FDA 
who purified the fumonisin B, and collaborated in evaluation of the purified product. ARS scientists in 
collaboration with FDA scientists at the National Center for Toxicology Research (NCTR) and scientists 
from Agriculture Canada developed a reference standard batch of fumonisin B, for use in comparing the 
purity of fumonisins used in toxicology studies worldwide and developed criteria for determining the 
purity of fumonisin B, used in the FDA/ARS/NTP study. 


Another Fusarium toxin of food safety importance is vomitoxin, produced by Fusarium graminearum in 
wheat and barley. In developing control strategies, ARS scientists at Peoria obtained the first APHIS 
approval for field testing of a transformation mutant of the pathogenic fungus, Fusarium graminearum. 
In these studies, trichothecene non-producing mutants of F. graminearum produced by transformation 
mediated gene disruption caused less disease and toxin production than that from the wild type 
trichothecene producing strain from which they were derived. 


Future ARS research to reduce Fusarium toxins in corn and wheat will utilize several strategies. First, 
ARS will seek to understand the role of fumonisins in plant/fungal interactions to form a firm basis for 
optimizing control strategies to increase plant resistance and reduce the occurrance of fumonisins in corn. 
These control strategies will utilize genetic approaches involving the introduction of antifungal proteins to | 
control fungal growth and toxin production, and biocontrol procedures to prevent both Fusarium 
moniliforme growth and fumonisin accumulation in corn and Fusarium graminearum growth and 
vomitoxin accumulation in wheat. In vitro screening assays, as well as chemical analyses, used to 
evaluate new processing changes or preconditioning of grains can reduce or eliminate mycotoxins from 
processed grain products. 


The purpose of this ARS Fusarium/Fumonisin Workshop was to bring together the ARS scientists and 
others working to solve this agricultural and public health problem in order to review research progress, 
to facilitate communication among the scientists, and to provide a forum for generating new research 
ideas. The following abstracts of presentations made at the workshop document the ongoing ARS 
research on Fusarium toxins and, in particular, fumonisin.. 
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A WORLD WIDE WEB OF MYCOTOXIN RESEARCH--THE FUSARIUM 
CONNECTION . 


John L. Richard, Mycotoxin Research, National Center for Agricultural Utilization Research, 
USDA/ARS, 1815 N. University Street, Peoria, IL 61604 


Often we in scientific research get bogged down in our own investigative activities and 
sometimes it may appear that we are working alone or only within our specific small. group 
where team investigations occur. This is often the same picture that we paint for our 
administrators who see us escape from our laboratories for an occasional scientific meeting; the 
benefits of the latter to U.S. agriculture often far exceed the expense of having us attend. Our 
collaborations with other research institutions, universities, agribusinesses, and commodity groups 
are often very informal and there is little administrative record of this activity. I’d like to present 
a brief look at the overall activity of Fusarium research of three major ARS laboratories insofar 
as they are in touch with what is happening in this area of endeavor on a world wide scale. 
These three laboratories are the Richard Russell Research Center in Athens, GA, the Food 
Animal Protection Research Laboratory in College Station, TX and the National Center for 
Agricultural Utilization Research in Peoria, IL. The ARS scientists involved in Fusarium 
research at these three laboratories know what is happening around the world in this area of 
research activity. Not only is there collaboration among the scientists from these three 
laboratories but there is common collaboration with other governmental agencies and major 
universities throughout the United States. Almost all of the major national and international 
meetings are attended, often as invited speakers, by the scientists engaged in Fusarium research 
at these three laboratories. Because of the close association by the scientists from these 
laboratories through interaction at meetings, review of publications among the scientists, 
interaction with their NPL and direct communication among the scientists, there is little chance 
for a duplicative effort of research activity. The international collaborations among the scientists 
doing Fusarium research at these three laboratories are very extensive and when we look at these 
activities along with the collaborative research in the United States there is an extremely vast 
network of collaborative activity among and by these three laboratories. This collaborative effort 
not only maintains these laboratories at the forefront of this investigative area, where they are 
primary leaders of such activity, but the most benefit for the dollars expended for research is 
being attained. Even in these days of constraints of a flat or decreasing research budget, these 
scientists are the ones who are keeping this ship we call ARS moving forward and staying on 
the course laid out by our objectives that we established through interaction with our NPL. If 
funds in support of this research activity were to increase we could raise our sails to catch this 
windfall and move the ARS ship forward at an even greater speed. In this workshop we will 
hear portions of some of the work being done by these scientists and I’m sure you will be 
impressed with the amount and quality of research that is going on and the progress being made 
in solving problems for the farmer, the entire agribusiness community, including export 
marketing, and the American consumer if not the consumer from all over the world. | 
congratulate all of them. 


Of 


A 




































(TM SRT «IROTOOYM 3O daw dw 


Jimesau4 nocieridl! lewitiegngd ta? wine lenotteT .omsesd aiemooy Daa as 
bOOTe IT snes Joos ginsvidl! 4 C18 Ba 


1S euiivilce svangizeral gwe we et nwob Beygod tog doveoesl Snir ai oe 
worm lene shox. wo aubiw vine yo deolt gaifiow m1 sw Jad? meqge yom ie 
We +6) ioe sw ted? gediqg. seice of) wate zi 2kiT 320 anole gttroviat Tm 
OM (ani om wieewioe isnoieesoo an wt eaicimedal wo mont oqedes en cee ow SIR 
ut) bests 2 give to smite alt Baeoxs ta? eelio suslienges 2.0 af isiel oct toa 
gs ~ (yheTote Sas ececoninudicge eaifetsv ins oth tdent dows tellip Miwa cimrod. 
iwesty ©} SAT LL oativitan aul lo Lover ove veinianbs oitil ei ned? bus MNGi Ve 
wit aunountods! BFA. coger sami to iaaawet iano To-yivioon Lerave oft ts ae 
clsee ootw hho & no roveshes to eve shit af guinodeadt ed led dw dowot ae See 
hao? ai? JD .2nddi of rile) comers Ueeend inadolS odt om somateredel sonal 

e| valip [nnotevi 2 toe 27] oul sgefloD ai yawsiodal dress aoe 
“awe m beviovn cannerse CHA afT IL .ctroed si dowsesS contest) fee 
yo eve: aid) m blow of} emieit gnimesqged 2) tetw wend eshomnodal sews oted) RE 
omni! aaa monk ekorage wl gaan nmoiteedalino omit a yine joM .yiviloee 
TOYA SNe eo oeyge lataomeniveg te (rw metaicdailos aorunod ti ored) tot eae 
isnothurisie Loe Lanonsr «ipa si to Tl jeormlA  comté bannl] pre wulwwondr soiieg 
"oett wukwatt of bop ays ers Sif i eiaasq: bata a osfie .\bobantie 26 = 
orwis mont aseitste: of? yt Notaiongen aegis ath to seimosl ssricseiodn aha 
ebiimorme wit yooma enoiteolidyy to weever feniosm is aodosteini devon | 29r88 
varedis oind of werk ateitasiag olf gaomm poltacingaumcs tonib baa TW tisdr dstve noi 
afenneeoe od) ynoms 2aciterodeliag lenoRenvied edT tives sloveoese Jo Noha avi Soller 
wewt! i Adu! aw wailw bas svtaratye yiov ew esnotinedal srult ses! a donasesy Ti 
fen ylomeuxs as 21 sed! ewaste botinU sd) ni dese svimudailes of! dite guoleeee 
hutte witmisilos 2eiT .2enoistodel sods seed! vd bas anon vivid svitewdalle: to 
ow (xl) oodw sem sviagpesval «iclt To Inotinot ad? fe esitotmodal seadl enisterinat ' lite 
at omens wi) bebmoqts zuliob edit \Roaed team ot ted ,viviton soua Yo atsli ol , 
seer .abud domes: gnizesmeb to ’a2 # to etaisvencs Yo 2yab seodi ni asva bee 
no garde Dos Suewwol gmivog: ZA {leo sw gids eis gniqosd om ondw ene adi sm a 
YM .I9M wo driv cotomeini dywowit bodaildates sw ter] eevireide wo vd iG Dial Se 
apts siotso of alige wo seig: Slugs ow senna at sew yiivitoe dowseor eb do = 
Utve ow godadrow 2idt al = Heoqe 1stesty nove nts ts newt qike BAA sat over baa 
ad Siw voy give m't Lae ateiesipe seeiti yd sob gried saow sift Ic smoe Yo ex 
sham yried cengorq vd? bas no gniog ei Jers doteses: to vileup bas tice oct AE 
nogxs gabwloai .vinveipoo eesnieudings sii adt sonmniit sl? io) neidor.y 
i bhow of wave Ie mot semuencn of Jom ti tamuetion msienA 2 sf) bo 


TOXICITY TO DOMESTIC ANIMALS 


RSMMIMA DITEMIQG OF TtinIXoF 








Influence of Fumonisin B,, Present in Fusarium moniliforme 
Culture Material, and T-2 Toxin on Turkey Poults' 


L. F. KUBENA,23 T. S. EDRINGTON,? C. KAMPS-HOLTZAPPLE?3 
R. B. HARVEY,? M. H. ELISSALDE,? and G. E. ROTTINGHAUS‘ 


USDA, Agricultural Research Service, Food Animal Protection Research 
Laboratory, 2881 F & B Road, College Station, Texas 77845 


and 


University of Missouri, College of Veterinary Medicine, 
Veterinary Medical Diagnostic Laboratory, Columbia, Missouri 65211 


ABSTRACT Diets containing 300 mg fumonisin B, (FB;)/kg of feed and 5 mg 
T-2 toxin/kg of feed singly or in combination were fed to female turkey poults 
(Nicholas Large White) from day of hatch to 21 d of age. When compared with 
controls, 21-d body weight gains were reduced 21% by FB), 26% by T-2, and 47% 
by the combination. The efficiency of feed utilization was adversely affected by 
FB, and the combination of FB, and T-2. Relative weights (grams/100 g BW) of 
the liver and gizzard were increased in poults fed the FB, and the combination 
diets; whereas, the relative weight of the pancreas was increased in all treated 
groups. All poults were scored for oral lesions using a scale of 1 to 4 (1 = no 
visible lesions, 4 = severe lesions). Oral lesions were present in all poults fed the 
T-2 diet (average score of 3.29) or the combination diet (average score of 3.54). 
Serum concentration of cholesterol was decreased and lactate dehydrogenase 
activity was increased in poults fed the FB, and combination diets. The activity 
of aspartate aminotransferase and the values for red blood cells, hemoglobin, 
and hematocrit were increased only in poults fed the combination diet. 
Inorganic phosphorus concentration was decreased only in poults fed the 
combination diet. The increased toxicity in poults fed the combination diet for 
most variables can best be described as additive, although some variables not 
altered by FB, or T-2 singly were significantly affected by the combination, 
indicating that the combination may pose a potentially greater problem to the 
turkey industry than either of the mycotoxins individually. 

(Key words: Fumonisin B,, T-2 toxin, Fusarium moniliforme, toxicity, turkey poult) 
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ENVIRONMENT AND HEALTH 


Effects of Feeding Fumonisin B, Present in Fusarium 
moniliforme Culture Material and Aflatoxin Singly 
and in Combination to Turkey Poults' 


L. F. KUBENA,23 T. S. EDRINGTON;3 C. KAMPS-HOLTZAPPLE, 
R. B. HARVEY; M. H. ELISSALDE,? and G. E. ROTTINGHAUS* 


USDA, Agricultural Research Service, Food Animal Protection 
Research Laboratory, 2881 F&B Road, College Station, Texas 77845 


and 


University of Missouri, College of Veterinary Medicine, 
Veterinary Medical Diagnostic Laboratory, 
Columbia, Missouri 65211 


ABSTRACT Diets containing 200 mg fumonisin B,/kg of feed and .75 mg 
aflatoxin/kg of feed singly or in combination were fed to female turkey poults 
(Nicholas Large White) from day of hatch to 21 d of age. When compared with 
controls, 21-d body weight gains were reduced 10% by fumonisin B,, 39% by 
aflatoxins, and 47% by the combination. Relative weights (grams/100 g body 
weight) of the kidney and pancreas increased in poults fed the diet containing 
aflatoxins alone, whereas the relative weight of the liver decreased. Relative 
weights of the liver and pancreas increased in the poults fed the fumonisin diet. 
Relative weights of the kidney, pancreas, and gizzard increased in the poults 
fed the combination diet, whereas the relative weight of the liver decreased. 
Most serum constituents, hematology values, and activities of enzymes meas- 
ured were altered in poults receiving the diets containing aflatoxins with or 
without fumonisin B,. No major histological lesions were observed in tissues 
from control poults or poults fed the diet containing fumonisin alone. Lesions 
associated with aflatoxins were only observed in the liver and occasionally in 
the kidney of poults fed the diets containing aflatoxins with or without 
fumonisin B,. The primary hepatic change was bile duct hyperplasia with some 
_ hepatocellular degeneration and necrosis and megalocytosis. Occasional 
necrotic and degenerating tubular epithelial cells were observed in the kidneys. 
The increased toxicity in poults fed the combination diet for most variables can 
best be described as additive, although some variables showed less than 
additive toxicity. Although toxicity due to fumonisin B, was shown, it must be 
pointed out that these concentrations are not likely to be encountered under 
field conditions. However, other stress factors may be present that could alter 
the toxicity observed under these controlled experimental conditions. 
(Key words: Fumonisin B,, aflatoxins, Fusarium moniliforme, toxicity, turkey) 
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Acute Hepatic and Renal Toxicity in Lambs Dosed with 
Fumonisin-Containing Culture Material! 


T. S. Edrington*? C. A. Kamps-Holtzapple*, R. B. Harvey’, L. F. Kubena’, 
M. H. Elissalde*, and G. E. Rottinghaus' 


*Food Animal Protection Research Laboratory, ARS, USDA, College Station, TX 77845 
and {Veterinary Medical Diagnostic Laboratory, University of Missouri, Columbia 65211 


ABSTRACT: To examine the effects of acute 
exposure to fumonisin-containing culture material 
(FCCM), 15 crossbred wether lambs were dosed 
intraruminally with FCCM containing 0 (CONTROL, 
n=3), 11.1 (LOW, n =4), 22.2 (MED, n= 4), or 45.5 
(HIGH, n = 4) mg of total fumonisins (Bj, Bo, and 
B3)/kg BW daily for 4 d. Blood samples were collected 
daily, and on d 11 lambs were killed and necropsied. 
Changes in serum constituents in fumonisin-treated 
lambs indicative of liver damage, included increased 
(P < .05) activities of alkaline phosphatase, y- 
glutamyl transferase, aspartate aminotransferase, 
and lactate dehydrogenase. Serum concentrations of 
cholesterol, triglycerides, urea nitrogen, and creati- 
nine were also increased (P < .05) in lambs dosed 
with FCCM. Hemoglobin tended to increase ( P = .07) 
and white blood cell count tended to decrease (P = 
.08) in HIGH lambs and activated partial throm- 


boplastin time tended to decrease (P < .10) in lambs 
dosed with LOW and MED treatments. Mitogen- 
induced lymphocyte blastogenesis was not different ( P 
= .14) among treatments. Feed intake markedly 
decreased ( P < .01) following the first dosing of FCCM 
and continued to decline throughout the study. 
Ruminal VFA concentrations and pH tended to 
decrease (P < .10) at d 11 in treated lambs. Relative 
liver and kidney weights (g/100 g of BW) increased 
(P < .05) in fumonisin-treated lambs. Histological 
examination revealed tubular nephrosis and mild 
hepatopathy in dosed lambs. Lambs receiving the 
HIGH treatment died on d 3, 4, 5, and 7 of the study 
and on d 9 one lamb on the MED treatment died. 
Diarrhea and lethargy were observed in fumonisin- 
treated lambs. Fumonisin-containing culture material 
dosed orally is acutely toxic to sheep, affecting 
primarily liver and kidney function. 


Interactive Toxicity of Fumonisin B} and Deoxynivalenol-Contaminated Diets Fed in 
Combination to Growing Swine 


R.B. HARVEY, T.S. EDRINGTON, L.F. KUBENA 


The effects of fumonisin Bj (FB})-contaminated diets (from Fusarium moniliforme 
cultural material) and deoxynivalenol (DON)-contaminated (from naturally contaminated 
wheat) diets, fed singly and in combination to growing barrows were evaluated. Six 
barrows (3 replicates of 2 each, mean body weight, 13.6 kg) per group were fed: 0 mg 
FB , 0 mg DON/kg feed; 100 mg FB)/kg feed; 5 mg DON/kg feed; or 100 mg FB, plus 5 
mg DON/kg feed for 28 days. Body weight or weight gain was not affected by either 
toxin singly; however, the toxins in combination significantly (P<0.01) decreased these 
measurements in a synergistic fashion. Feed consumption was reduced by the combination 
treatment but not by single toxin treatments. Serum biochemical analytes were adversely 
affected by FB, and by the FB, plus DON treatments, whereas DON alone did not affect 
these measurements. Hematologic values were affected by the FB; plus DON and cell- 
mediated immune response was decreased by FB, and further reduced by the FB plus 
DON treatment. Liver weight was increased by the FB treatment, yet was decreased in a 
highly significant manner by the combination toxin treatment. For the parameters we 
evaluated, measurements were affected more by the combination of these two Fusarium 
toxins than either toxin alone and the interactions could be described as more than additive 
and often times were synergistic. 


U.S. Department of Agriculture, Agricultural Research Service, Food Animal Protection 
Research Laboratory, 2881 F&B Road, College Station, TX 77845 


BIOLOLGICAL ACTIVITY IN LABORATORY ANIMALS 
AND IN VITRO SYSTEMS 
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COMPARATIVE SUBCHRONIC TOXICITY STUDIES OF NIXTAMALIZED AND WATER- 
EXTRACTED FUSARIUM MONILIFORME CULTURE MATERIAL. KA Voss, CW Bacon, FI 
Meredith, & WP Norred. Toxicology & Mycotoxin Research Unit, ARS, USDA, Athens, GA. 


Fumonisins are mycotoxins produced by Fusarium moniliforme, F. proliferatum, and other 
Fusarium species which are found on corn and other cereal grains. Fumonisins cause a variety of 
species-specific toxicoses and have been linked to human esophageal cancer in areas of southern 
Africa and China where corn is a dietary staple. Nixtamalization is the process by which masa flour 
is made from corn. During nixtamalization, which is essentially a base hydrolysis, fumonisins are 
converted to their hydrolyzed forms. To study the effect of nixtamalization on the organ-specific 
toxicity of F. moniliforme-containing culture material (CM) as well as to compare the effectiveness 
of nixtamalization and water extraction for detoxification of the CM, male rats (n=10/group) were 
fed diets containing equivalent weights of CM, nixtamalized CM (NX), or water extracted CM (WE) 
for four weeks. An additional control group was fed a diet containing sound corn (SC). The NX diet 
contained 58 ppm hydrolyzed fumonisin B1 (HFB1), but no detectable fumonisin B1 (FB1). Water 
extraction removed most of the FB1 from the CM and, as a result, the WE and CM diets contained 
8 and 71 ppm FBI, respectively. Body weight gain of all four groups differed significantly 
(p<0.05) in the order: SC>WE>NX>CM. Serum chemical, organ-weight, and histopathological 
findings typical of FB1-induced hepatopathy and nephropathy was found in both the CM and NX 
groups. In contrast to renal lesions, which were of similar severity in each of these groups, liver 
lesions found in the NX group were less extensive than those of CM fed rats. Hepatopathy was not 
found in rats fed the WE diet. However, kidney lesions indistinguishable from those found in the 
CM and NX groups were found in all rats from the WE group and could be attributed to the residual 
FB1 remaining in the CM following water extraction. Thus, the organ-specific effects of 
nixtamalized CM containing HFB1 were similar to those of the FBl-containing CM and 
nixtamalization was not as effective as water extraction for the detoxifying the CM. The data further 
suggest that, in rats, the hepato- and nephrotoxic effects of HFB1 and FB] are similar. 








FERTILITY AND REPRODUCTIVE PERFORMANCE IN RATS FED FUMONISIN Bl 
CONTAINING CULTURE MATERIAL OF FUSARIUM MONILIFORME STRAIN MRC 826. 
KA Voss, CW Bacon, WP Norred, RE Chapin*, WJ Chamberlain, RD Plattner, & FI Meredith. 
Toxicology & Mycotoxin Research Unit, ARS, USDA, Athens, GA & *National Toxicology 
Program, NIEHS, Research Triangle Park, NC. 


Fumonisins are mycotoxins produced by Fusarium moniliforme and other Fusarium species. They 
are commonly found in corn and corn-based feeds and foodstuffs. Fumonisins disrupt sphingolipid 
(SL) metabolism and alter cellular SL profiles which in turn may alter cell proliferation and 
differentiation, both of which are important in reproduction. To study the effect of F. moniliforme 
on fertility and reproductive performance, diets formulated with culture material of toxic F. 
moniliforme strain MRC 826 (CM) to provide 0, 1, 10 or 55 ppm fumonisin B1 (FB1) were fed to 
male and female rats beginning 9 and 2 weeks, respectively, before mating. and continuing 
throughout the mating, gestational, and lactational phases of the study. CM caused nephropathy 
typical of FB1 in males fed > 10 ppm FBI and females fed 55 ppm FBI. No significant 
reproductive effects were found in males (n=12/group), dams and fetuses examined on gestation day 
15 (G15, n> 8/group), or dams and litters through day 21 post partum (n>9/group). Litter weight 
gain in the 10 and 55 ppm FBI groups was slightly decreased; however, gross litter weight and 
physical development of the offspring were not affected. Altered SL ratios indicative fumonisin 
exposure, specifically increased sphinganine to sphingosine ratios, were found in the liver of dams 
from the 55 ppm group on G15. In contrast, SL ratios of abdominal slices, containing liver and 
kidney, of G15 fetuses from the control and high-dose litters did not differ. In a second experiment, 
two dams were injected intravenously on G15 with 101 pg [14C]FB1 (3.179 x 10° dpm). After one 
hour, which allowed for ca. 98% of the dose to be cleared from the maternal blood, measurable 
amounts of radioactivity were not found in the fetuses. These results indicate that the CM, and by 
inference FB1, did not have significant reproductive effects at doses which were minimally toxic 
to the dams and, based upon two lines of evidence, further suggest that negligible in utero FB1 
exposure occurred through G15. 


USE OF TISSUE SLICES AS A SCREENING TOOL FOR FUMONISIN-LIKE ACTIVITY 


William P. Norred 
Toxicology and Mycotoxin Research Unit 
Richard B. Russell Agricultural Research Center 
ARS/USDA 
Athens, GA. 


The fungus, Fusarium moniliforme, commonly contaminates corn, and produces the fumonisin 
mycotoxins. These toxins are the responsible agents of field intoxications in animals, including 
equine leucoencephalomalacia and porcine pulmonary edema. Fumonisins also cause liver and 
kidney toxicity in laboratory rodents, are tumor promoters, and may have cancer-initiating ability. 
The mode of action of the fumonisins is thought to be their ability to inhibit ceramide synthase, 
which catalyzes the conversion of sphinganine (Sa) and sphingosine (So) to ceramide. The result 
of this inhibition is disruption of sphingolipid biosynthesis, and accumulation of sphingoid bases, 
primarily Sa, in biological fluids and tissues. This property of fumonisins was utilized to develop 
a bioassay system that can be used to detect elevated free sphingoid bases, and thereby fumonisin- 
like activity. Precision-cut tissue slices were prepared from fresh cores of liver or kidney, 
maintained in media in an incubator, and exposed to fumonisin or test materials. After various 
periods of time the slices were removed, and analyzed for content of Sa and So. Slices exposed 
to fumonisins for short (12 to 48 hr) periods were found to have greatly elevated free Sa content. 
We also studied the specificity of the response by comparing hepatotoxins that act by differing 
mechanisms for their ability to elevate intracellular Sa. These toxins included aflatoxin B,, 
beauvericin, carbon tetrachloride, cyclopiazonic acid, carbonyl cyanide, and fumonisin B,. Slices 
were exposed to the toxins or exogenous Sa for 20 hrs, and then analyzed for intracellular free Sa 
content. Only fumonisin B, (FB,) and exogenous Sa significantly elevated intracellular Sa. In 
control slices and slices dosed with toxins other than FB,, free Sa content was <1.5 nmol/g tissue. 
Slices dosed with FB, or exogenous Sa had 5-15 nmol/g tissue. The utility of the bioassay was 
determined by investigating whether acetonitrile:water (1:1) extracts of corn naturally 
contaminated with fumonisins could elevate Sa in rat liver slices. The extracts significantly 
elevated Sa in the slices, even when dosed with extract equivalent to as little as 0.5 mg of corn. 
We have also utilized the bioassay to evaluate a potential decontamination procedure for 
fumonisin-contaminated corn developed by Texas A&M researchers. Although the method 
(ozonolysis) destroys fumonisin B, in aqueous solution, as determined by HPLC analysis, the by- 
products of ozonolysis are likely to be toxic, since they can inhibit ceramide synthase. Other 
proposed uses for the tissue slice bioassay include screening for fumonisin-like activity in cultures 
of fungi other than F. moniliforme, and evaluating the fumonisin-like activity of feeds associated 
with field problems of unknown etiology. 


se) 


EFFECTS OF FUMONISINS AND SPHINGOLIPIDS ON TURKEY LYMPHOCYTES 
AND A HUMAN ASTROCYTOMA CELL LINE 


Mary Ann Dombrink-Kurtzman, Yutaka Kikuchi, and John L. Richard, Mycotoxin Research, 
National Center for Agricultural Utilization Research, USDA/ARS, 1815 N. University Street, 
Peoria, IL 61604 


Fusarium moniliforme and F. proliferatum, fungi frequently found as contaminants on corn, 
sorghum and other grains, are capable of producing fumonisins. Mortality and serological, 
hematological and pathological effects have occurred in broiler chicks fed F. proliferatum culture 
material containing known concentrations of fumonisin, moniliformin and beauvericin. In vitro 
assays were performed to determine the effects of these toxins. When turkey lymphocytes were 
incubated for 72 hours with 8 pM fumonisin B, or B , or 50 pM beauvericin, internucleosomal 
DNA fragmentation and morphological features characteristic of apoptosis were observed. 
Fumonisin B, (IC.) = 1.9 uM), fumonisin B, (IC 5) = 0.5 pM) and hydrolyzed fumonisin B, (IC 
so = 10 pM), but not moniliformin, caused inhibition of proliferation. To study the role of 
fumonisins as inhibitors of ceramide synthesis, on inflammatory reactions in the central nervous 
system, the effects of sphingosine, C2-ceramide and fumonisin B, on cytokine (IL-1)-induced 
IL-8 production in a human astrocytoma cell line (U373MG) were determined. Sphingosine, 
C2-ceramide and fumonisin B, each enhanced IL-8 production, but they partially suppressed 
IL-1B-induced DNA synthesis. In the absence of cytokine, sphingosine, but not fumonisin B,, 
stimulated the cells to proliferate. Metallothionein was reduced in the presence of fumonisin B,. 
By elucidating biomechanisms involving Fusarium metabolites, the potential for toxic effects at 
low, environmental doses will be understood and means of detoxification will be identified. 
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Lactational Passage of Fusaric Acid from the Feed of Nursing Dams to the Neonate Rat 
and Effects on Pineal Neurochemistry in the F] and F2 Generations at Weaning 


J.K. Porter, E.M. Wray, A.M. Rimando, P.C. Stancel, C.W. Bacon, and K.A. Voss. 
Toxicology and Mycotoxin Research Unit, USDA/ARS, R.B. Russell Agricultural 
Research Center, 950 College Station Road, Athens, GA 30605-5677 


Fusaric acid is produced by several Fusarium species and found in corn, corn based foods and 
feeds, wheat, barley, and other cereal grains. Given parenterally to rats, the mycotoxin affects 
neurochemical parameters in- the pineal gland associated with growth and maturation. Since little 
information exist concerning the oral effects of fusaric acid, the mycotoxin was mixed in diets at 10, 75, 
and 200 ppm and fed to pregnant rats (FO-dams) beginning the third week of gestation, through parturition, 
and weaning (F1 generation). On day 4 postpartum, F1-pups were culled to 9-10 pups/litter, the stomach 
colostrum collected from the culls and analyzed for fusaric acid (GC/MS). The mycotoxin in the colostrum 
(ng fusaric acid/100 mg colostrum) was directly related to the amount consumed by the nursing dams (i.e., 
200 ppm pups=3547 ng; 75 ppm pups=1449 ng; 10 ppm pups=80 ng; controls pups=18 ng). All other 
animals survived, appeared normal, healthy, and in good pelage. FO-dam feed consumption and dam and 
pup weights were not statistically different, but there was an inverse relation between pup average weight 
gain and amount of fusaric acid in the diets (i.e., weight gains: control pup>10 ppm pup>75 ppm pups>200 
ppm pups). At weaning, the F1-pups were randomly assigned to two groups/treatment: Group one (F1 A) 
for reproduction and fusaric acid effects on the F2 generation; Group two (F1B) for neurochemical 
comparisons. The F1A rats were maintained on their respective diets to age 13-14 weeks; animals were 
bred (i.e., controls males x controls females, 10 ppm x 10 ppm, etc.) and the F1 A-dams and F2-pups 
monitored as above. Weight gains and fusaric acid in stomach colostrum from the F2-culls were analogous 
to the F1 generation. Also, the amount of colostrum collected from the F2 (4-day old) culls was compared. 
The 75- and 200-ppm pups had 51% and 38%, respectively, less than the controls or the 10 ppm pups (i.e., 
average amount of colostrum in the stomach/pup/treatment, mg cls/pup: control culls=337.84, n=27; 10 
ppm culls=357.78, n=24; 75 ppm culls=167.00, n=19 ; 200 ppm culls=207.89, n=22; P<0.16). These 
values tend to support either decreased milk production by the dams and/or decreased suckling times by 
the neonates. 

On days 5-8 postpartum, using pup average weight gains as an indication of milk production in 
F1A-dams (i.e., weigh-suckle-weigh method; controls vs 200 ppm), the controls gained 30% more than 
the 200 ppm F2-pups (P<0.05). At weaning, no differences were observed in neurochemicals (HPLC/EC- 
Flu) in the pineal gland for the F1 generation. However, in the F2-200 ppm male and female weanlings, 
pineal serotonin and tyrosine were significantly decreased (P<0.05). Additionally, both serum and pineal 
melatonin (ELISA; HPLC/EC) in both sexes were increased by fusaric acid (male F2-200 ppm pups vs 
controls, 53.46 vs 35.59 pg/ml, P<0.24; female F2-200 ppm pups vs controls, 60.0 vs 40.9 pg/ml, P<0.03). 
Prolonged imbalances in pineal tyrosine, serotonin, and melatonin in either sex may adversely affect 
growth, maturation, and/or reproduction. 

The results indicate fusaric acid in diets at <0.3 ppm (i.e., background control diet) lactationally 
passes from nursing dams to the neonate; at 200 ppm, fusaric acid decreases pineal serotonin and tyrosine 
and increases melatonin in both the pineal gland and serum of weanling rats. The data also suggest limited 
neonate weight gains may be related to either decreased milk production in dams or mycotoxin effects on 


the suckling neonate. 
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Fusaric Acid in Fusarium moniliforme Cultures, Corn, and Feeds Toxic to Livestock 


and the Neurochemical Effects in the Brain and Pineal Gland of Rats 


James K. Porter', Charles W. Bacon', Emma M. Wray', Winston M. Hagler, Jr.’ 


'Toxicology and Mycotoxin Research Unit, USDA/ARS, R.B. Russell Agricultural 
Research Center, 950 College Station Road, Athens, GA 30605-5677, USA 
North Carolina State University, Poultry Science Dept., Mycotoxin Laboratory, 
207 Scott Hall, Raleigh NC, 27695-7608, USA 


Fusaric acid is produced by several species of Fusarium, which commonly infect corn and 
other agricultural commodities. Since this mycotoxin may augment the effects of other Fusarium 
toxins, a gas chromatography/mass spectrometry method of analysis (GC/MS) in feeds was 
developed. Fusaric acid was analyzed as the trimethylsilyl-ester from F. moniliforme-cultures, F- 
moniliforme-contaminated corn screenings, and feeds toxic to livestock. The mycotoxin was found 
in all samples and ranged from 0.43 to 12.39 g/g sample. Also, fusaric acid was tested for its 
neurochemical effects in the brain and pineal gland of rats. Animals were dosed intraperitoneally 
(100 mg/kg body weight) 30 minutes prior to the onset of the dark phase (lights out) and the effects 
were studied at 1.5, 3.5, 5.5 hours after treatment. As measured by high-performance liquid 
chromatography with electrochemical and fluorescent detections (HPLC/EC-Flu), brain serotonin 
(SHT), 5-hydroxyindoleacetic acid (SHIAA), tyrosine (TYRO), and dopamine (DA) were increased 
(P<0.05) by fusaric acid, while brain norepinephrine (NEpi) was decreased (P<0.05). Analogously, 
DA in the pineal gland increased and NEpi decreased (P<0.05). Pineal N-acetylserotonin (NAc5HT) 
was increased (P<0.05), whereas pineal SHT and its two major metabolites SHIAA and 
5-hydroxytrytophol (SHTOL) decreased (P<0.05). Elevated brain TYRO and brain and pineal DA, 
with decreased NEpi, may be consistent with fusaric acid's partial inhibitory effect on tyrosine- 
hydroxylase and its inhibitory effect on dopamine-B-hydroxylase, respectively. Elevated pineal 


NACSHT is consistent with decreased pineal SHT and the increased pineal DA, and support the ~ 


dopaminergic stimulatory activity of the enzyme responsible for the conversion of SHT to NAcSHT. 
This is the first report of fusaric acid's in vivo effect on pineal DA, NEpi, SHT, and NAcSHT in rats, 
and a relation for the effects on TYRO, 5HT, and 5HIAA in brain tissue. The results indicate fusaric 
acid alters brain and pineal neurotransmitters and may contribute to the toxic effects of 
Fusarium-contaminated feeds. 
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Effects of Fusarium Toxins on Melatonin in Pineal Tissue Cultures: 
Preliminary Investigations 
A.M. Rimando and J.K. Porter 


Toxicology and Mycotoxin Research Unit, USDA/ARS, R.B. Russell Agricultural 
Research Center, 950 College Station Road, Athens, GA 30605-5677 


Food safety, animal health and productivity, and human health problems identified with fungal- 
contaminated grains most recently have concentrated research on Fusarium species and their toxic 
metabolites. Major worldwide agricultural problems with Fusarium have been recognized since: a.) F. 
moniliforme and the fumonisins have been associated with equine leukoencephalomalacia; b.) the 
human oncologic implications with esophageal cancer in certain areas of South Africa, China, and 
possibly Iran; and c.) the routine occurrence of the fumonisins and other Fusarium toxins (i.e., fusaric 
acid, vomitoxin, tricothecenes, zearalenone) in corn, wheat, barley, rice, sorghum, rye, millet, and oats. 

Regulation governing the amount of mycotoxins found in agricultural commodities used for 
both animal and human consumption are generally based on toxicologic investigations with pure 
compounds. Currently, the combined effects of Fusarium toxins on animal and human health have 
caused concerns because synergistic activities present a unique set of problems with defining both 
toxicity and food safety guidelines. 

The effects of fusaric acid and fumonisin Blin the fertile chicken egg is inherently more toxic 
than the individual mycotoxins. Furthermore, fusaric acid lactationally passes from the feed of nursing 
dams to the neonate rat; the mycotoxin either decreases milk production in dams on a diet containing 
fusaric acid or affects neonate capabilities to use milk; also the mycotoxin alters tyrosine, serotonin, and 
melatonin in the pineal gland of the offspring at weaning. The pineal gland, with associated 
neurotransmitters, has been defined as the neurotransducer most responsible for seasonal physiological 
and endocrine changes in both animals and humans. Imbalances in melatonin, and/or the 
neurotransmitters associated with melatonin production may adversely affect growth, maturation, and 
reproduction in animals consuming feed contaminated with this mycotoxin. Research also suggest 
fusaric acid synergistically affects the toxicity of other mycotoxins. Therefore, to screen the combined 
effects of Fusarium toxins on melatonin as they occur in infected foods and feeds, rat pineal tissue 
cultures and an enzyme linked immunosorbent assay (ELISA) for melatonin were developed. 

Fusaric acid at 1M and 100 pM increased pineal tissue culture melatonin vs controls in a dose 
dependent manner (i.e., 103% and 301%, respectively); in vitro melatonin increases by fusaric acid are 
consistent with the in vivo effects (orally) of the mycotoxin in the serum and pineal gland of weanling 
rats. Beauverisin, another Fusarium toxin, at 1M increased pineal tissue culture melatonin vs controls 
33%. Fusaric acid and beauverisin together at 1M each increased melatonin 310%; an effect 
comparable to 100 pM fusaric acid. These results, along with previous investigations, support the 
hypothesis that fusaric acid in combination with other. mycotoxins is more toxic than the individual 
compounds. Also, the results substantiate rat pineal tissue cultures may be used as a screening tool for 
assessing the combined in vivo effects of toxins' interaction. Jn vivo and in vitro studies are continuing 
on the combined effects of fusaric acid, fumonisins, vomitoxin, zearalenone, and selected tricothecenes 
on melatonin and related neurotransmitters, and their assessment to growth, maturation, and behavior 


in the rat model. 


12 






. 3 
rust) ogaall last ai cigomisM en entineT eenleseealt 30 eo 
~ 6 :iyhteRadeort camlintedt cots Tole to Livestodie 






















Ses 
ee ei me 


» 5 
a? Ay 


RA eee 8 AAR il) doweesS nixatooyM bes vaoie x07 

CA. SOG: Ans gots, loam BGM al oa & ry. Paar: 2 os 

r 

U a ob cull bee 

ii cher belltunieid 2decidéeg Wile acareat bee pte = pas fe iteadlgam Cs 


ix “itt bitte 2, eTown, Gu Ooneeen, Lepigay EMD INES Nae Bee bats 
4 {A Sorle t au") R032 “: _¥ IV68 ri Sykh ra Rin oat ie igluotge sbrwb OW I 
a) t, samoledanonscduel setuvs. te bese ese rece! aved noieinomal off bas 3 


P ae. tT, fs! 21 errs THT ‘i ALS: bes ata : sy se Fay 


2.) sping; ais \ oat UT OREG 3Fl FO SOT - 0 i) AM 
: ;’ 
# A > 4 * « ° aa @ 


10 Ted, JON uit Y gf FUSES Be OE? OE? ey Gt COI LRROS eye 





































Nee tt) Moe | Mh iat o erie) aia 7Vith, to INV oti) au MeReeOg. a 
(WwW io ie SVBE Diy it KANG Paap vileye 72. 315. 0 me TAS ID pig Ry os 
we0 eet comraud UNL. 1 2H aly 4 To 27 


sor] > seth Viet 


’ lab dirw emsidoa 1 [se supmls a iidbgw: S5utviis Susie ne sephond aro 


rior 7 
’ saul Unt Fe pag be 
hog ‘ 7 > + é >’ + > 4 : ~~) . | 
‘wo: Swi Vii edt yy >i Oc & Sno AW : 1 Meter eT ie Mi. in sub 9% 
" . " , . ' ‘ . 7 
selves 1O Hort sil iol) esereq yinodae hice steep’ Atay Doran 47 amiegionena 
ufuAiS IDS oo. 2insh At COloBhoNy An apeneeebeets Ko P2Ney ahh ih ‘tan 
BG SAGITS2 oer) ails niKGlogy nad! Ogle mile ser Of eouiliibngs aaate nti ty 
Paid poner Aw ns 3 Wet eh su CUES We o Sy es Oe. uy. i) basis. | Bai a 
Tet } ates ate IBitOveo> 1G | vs P| diz Odes H a gre ieee TA, ttt 26s Dori Lah) Aa ane 4 


4 albas sanoleiss JY a9 sa ‘ah is a tis eh ‘ndatte wh agai A 
Fit ou bys hh WO oe Hi IY DF ene Oi ae rie nigodalpaa ie DUAR RE 
Mes 54 G12 ols CAE che iXoias; up aif hie DQEOT EIA fF st Of eR me ALAR 
| Dae dinoo 2 Daa Ot, TO} “peri d ae Ap "a 8 ho, th, iit TAO EAL) Ar vig x aR. 
Saeed Le tre Hi Pee) "; Mi, BD¢, 3 pola ni Pu929 vod Bi nr as ile Th a0 nye On MA pa 
snes sgh aval F re s cn: 7 Wh {A bed D era iaadhapee ug fi ooleitt te 
3200 | Bt slquartho ey.) sien ae lu ds ate bss POT iD ae ah 
"1c | hp TY Sau {0 Om <1 Ort rT ry) the moxue 5) A dpeuaeaes esi DE bos. otal 
sat B9 pa: 0 bral isohite id. bite UTS2 sei! a nixojooyn ad} to (yilew) zts ofe oie ws ca ih 
alone ev amine stusii2 auesil Isertiq bozsstoni My! Is .nbeot tule sodtay a 
129fl2 as jPOlE sinotelom bsagsnoni dows Mul ja willsgo) nizitsvussd bore biog ab 
Mi NOqque @mousglzovnr zvoivesg itv gaole ,2iiueo seotT .bion oimaewt Mi 0 OF 
ubivibai sdf nedt sicot 7am ei euixolooyen tortie ditw notienidmos ai bias sheet 
“i loo) gninsoice & 2s beeg od yaa eowsleo suenit Igoniq isn Re SH 
goiwniines 918 eibute oviv 1) bie oviw wl nodostaidl ‘enixol Io alostis ovix i ke 
zoasostioan) botos!e2 bus sroaslasss .xix@imoy .enieinomiul shins ofnslt 20:96 
1oivadsd bos nolewinn diwow 0} Insomeeees 114d) bag sronisnzcenouron bat 


v 







* 
5 a - 6.4 
t ¢ : aie 


> 
> 





PURIFICATION AND DETECTION OF FUMONISINS 
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Purification of FB, and FB, from Rice Culture 


Filmore Meredith’, C.W. Bacon', W.P. Norred! and Ronald D. 
Plattner’ 


Toxicology and Mycotoxin Research Unit, R. B. Russell 
Agriculture Research Center USDA/ARS, P. O. Box 5677, Athens, 
GA 30604 


*National Center for Agricultural Utilization Research, 
USDA/ARS, 1815 N University St., Peoria, IL 61604 


ABSTRACT 


Procedures are presented for growing Fusarium moniliforme MRC 
826 on rice, separation of fumonisin B, (FB,) from fumonisin B, 
(FB,), purification of FB, and preliminary procedures’ for 
purification of FB,. 

The mycotoxins were extracted from rice culture material (RCM) 
with acetonitrile-water (1:1), filtered, and the acetonitrile 
removed on a rotary evaporator. 

Preparative reverse phase liquid chromatography (LC) was used 
to isolate and partially purify FB, and FB, from the extract. The 
extract was applied to a C, reverse phase cartridge. FB, and FB, 
were eluted from the cartridge by a gradient of water-acetonitrile 
at a flow rate of 30 mL/min. A second preparative LC procedure 
using 0.5% pyridine-water and two CN cartridges was used to purify 
FB,- 

The FB, fraction was concentrated on a rotary evaporator to 
remove the acetonitrile. Acetonitrile was added back in sufficient 
quantity to redissolve the crystallin material in the fraction. An 
aliquot of the FB, fraction was added to a centrifugal spinning 
silicic acid TLC plate. The centrifugal TLC plate was washed at 3 
mL/min with a linear gradient of (A) chloroform-acetone(4:3) and 
(B) methanol-acetone (1:1) to elute the FB,. Gradient starting 
conditions were 10% methanol and ending conditions were 50% 
methanol. This preliminary study using the centrifugal spinning 
TLC showed the procedure to have the potential to be useful for 
unification of. FB,. 
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RAPID PURIFICATION OF FUMONISINS B, AND B , WITH SOLID PHASE 
EXTRACTION COLUMNS : 


Stephen M. Poling and Ronald D. Plattner, Bioactive Constituents Research, National Center for 
Agricultural Utilization Research, USDA/ARS, 1815 N. University Street, Peoria IL 61604 


A simple method was developed to isolate fumonisin B, and B, (FB; and FB,) from cultures of 
Fusarium moniliforme. A novel strain of F. moniliforme which only produces FB, and FB, but 
no FB, or FB, was used. Extracts from the culture material are loaded onto NH2 cartridges and 
the fumonisins eluted with 5% HOAc/MeOH, which was diluted with 1.5 volumes of water and 
loaded onto a C18 cartridge. The fumonisin were eluted with increasing amounts of CH,CN in 
H,O. Complete separation was obtained between the FB, fraction (FB; plus about 20% as much 
FA, and a trace of FC;) and the FB, fraction (FB, plus about 11 and 18% as much FA, and FC,, 
respectively). The purities were measure by three methods, fluorescence detection of the OPA 
derivatives, evaporative light scattering detection of the underivatized fumonisins or by 
electrospray-MS and the results compared. The fractions were a least 90% fumonisins and 
probably closer to 95% pure. A 277 mg FB, fraction and a 62 mg FB, fraction were obtained 
from the combination of a 10g NH2 and a 10g tC18 cartridge. The method should be useful 
for providing FB, and FB, for toxicity studies or for further purification by semi-preparative 
HPLC. It should also be useful for working with radio-labeled material. 
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COMPARATIVE ASSESSMENT OF METHODS FOR DETECTING FUMONISINS IN GRAIN 
BASED FOODS. Chris M. Maragos and Ronald D. Plattner, USDA-ARS- 
NenURye tolomNeeUniversity St., Peoria, IL 61604. 


Because of the substantial interest in the fumonisins, a large 
variety of analytical methods have been reported for quantitation of 
these mycotoxins. All of the methods utilize an organic extraction 
of the food, typically using methanol/water or acetonitrile/water 
mixtures. Prior to detection by most analytical methods the 
fumonisins are isolated from the organic extract using solid phase 
extraction columns. In the most widely used procedure the 
fumonisins are separated by HPLC after reaction with o-phthaldehyde 
(OPA) to yield a fluorescent derivative. This method has been 
collaboratively studied. Immunochemical methods that do not require 
the use of sophisticated instrumentation have also been reported. 
Several enzyme-linked immunosorbent assays (ELISAs) are commercially 
available from two sources (Neogen and R-Biopharm). All have cross- 
reactivity to varying degrees with fumonisins other than fumonisin 
B, (FB,). None of the commercial kits have been reported to cross- 
react with the aminopolyol backbone (hydrolyzed fumonisins). The 
toxicity of the backbone relative to the intact fumonisins is 
currently under investigation in several laboratories. 

Past versions of the ELISA kits, which relied upon the first 
generation of monoclonal antibodies, would occasionally overestimate 
fumonisin content by substantial amounts. The latest versions, 
available only this year, are much more sensitive with limits of 
detection less than 10 ppb in corn. The increased sensitivity has 
resulted from the development of newer polyclonal antibodies. The 
problem of overestimation of fumonisin content has been partially 
resolved by using the-newer kits and by comparing the ELISA results 
with the sum of the contents of the individual toxins as determined 
by HPLC. Few of the reports in the literature have:used the newer 
kits, and although several small scale studies are in progress a 
large scale collaborative study of the newer ELISAs is warranted. 


Molecular Modeling Studies of the Fumonisin 
Mycotoxins 


Ross C. Beier, Marcel H. Elissalde, and Larry H. Stanker 


Food Animal Protection Research Laboratory, Agricultural Research Service 


U.S. Department of Agriculture, 2881 F & B Road 
College Station, TX 77845-9594 


The fumonisins are mycotoxins that are produced by the corn patho- 
gen, Fusarium moniliforme, and have been shown to cause a wide 
range of toxic effects in numerous animals. They have been shown to 
have cancer-promoting activity in animals, and have been linked to 
human esophageal cancer. To date, the only biochemical findings 
show that the fumonisins are inhibitors of the sphingosine and sphin- 
ganine N-acyltransferase system. No other biochemical effect of the 
fumonisins has been established. This paper discusses the molecular 
models of the lowest energy conformations obtained for fumonisin By, 
B», B3, and By (FB,_4) and the FB, backbone. The structure with the 
lowest energy conformation of FB, in relation to iron ligand formation 
is investigated. The lowest energy conformation of FB, based on the 
stereostructure of FB, (SS-FB}) also is presented. These modeled 
structures provide insight into why antibodies produced to FB, have 
lower affinities for FB, than expected. They also produce insight into 
other potential activities that may be associated with these molecules. 


16 


Development of an Improved Monoclonal Antibody-based 
ELISA for Fumonisin B,_3 and the Use of Molecular 
Modeling to Explain Observed Detection Limits 


MARCEL H. ELISSALDE,' CAROL KAMPS-HOLTZAPPLE,' ROSS C. 
BEIER,' RONALD D. PLATTNER,? LOYD D. ROWE! anp LARRY H. 
STANKER' 


'Food Animal Protection Research Laboratory, USDA-ARS, 2881 F&B Road, 
College Station, TX 77845-9594, USA; *National Center for Agricultural 
Utilization Research, USDA-ARS, Peoria, IL 61604-3999, USA 


(Received for publication 23 August 1994) 


Monoclonal antibodies were prepared against the fumonisins, a group of mycotoxins 
produced by the plant pathogen, Fusarium moniliforme. Splenic lymphocytes, from Balb/c 
mice immunized with fumonisin B;—ovalbumin conjugate, were fused with SP2/O myeloma 
cells, and 14 hybridomas were selected. In a competitive enzyme-linked immunosorbent 
assay, fumonisin B;—bovine serum albumin and free fumonisin B,; (FB,) competed for the 
monoclonal antibody. The concentrations of FB; required to inhibit 50% antibody binding 
(I1Cso) ranged from 300 to 670 ppb. Antibodies also cross-reacted with fumonisins B2 and 
B; (FB2, FB;3), and the hydrolyzed backbone of fumonisin B, (HB-FB,). None of the 14 
monoclonal antibodies recognized the sphingolipids, sphingosine and sphinganine, that are 
structurally similar to the backbone of the fumonisins. Three-dimensional computer models 
of FB,, FB: and FB; show the amine backbone folding with the two esterified trimethyl. 
propane-1,2,3-tricarboxylic acid side-chains to form a cage into which the hydroxyl and 
acid groups of these fumonisins extend. The HB-FB, molecule, with the two trimethyl- 
propane-!,2,3-tricarboxylic acid esterified moieties at carbons 14 and 15 removed, does not 
possess two of the three branches which are folded together with inter-hydrogen bonding 
to formulate the three-dimensional structure that makes up the cage feature of FB;, FB2 and 
FB. Because of the unexpected folding of the three arms to make a cage of FB,, attachment 
of the protein to the amine group, which is close to, or appears to be part of, the epitope. 
may have allowed the immune system of the mouse to produce antibodies more specific for 
the FB,-protein conjugate than to free FB,. 
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THE EFFECTS OF PROCESSING ON FUSARIUM MYCOTOXINS IN CONTAMINATED 
CORN 


Glenn A. Bennett, John L. Richard, and Steve R. Eckhoff, Mycotoxin 
Research, National Center for Agricultural Utilization Research, 


1815 N. University Street, Peoria, IL 61604 and University of 
Zitinois, Urbana, IL 61801 


Several frequently occurring mycotoxins have been examined for their 
distribution in products or fractions resulting from processing of 
contaminated grains, including: wet milling of corn contaminated 
with fumonisins. Generally, mycotoxins survive the various 
processes and can become concentrated in certain fractions causing 
economic losses because these fractions would normally be used for 
animal feed. In the present study two lots of naturally 
contaminated corn containing 1.0 and 13.9 ug/g FBl, respectively, 
were wet milled, in duplicate, and levels of toxin (FBl and FB2), 
determined in the different fractions. No toxin could be found in 
any fractions, except steep water, from corn having an initial level 
of 1.0 ug/g FBl. Also,no fumonisins could be detected in the starch 
fractions (the major mulling product) from the corn originally 
containing 13.9 ug/g FBl. Other fractions from this corn were 
contaminated as follows: gluten (5.5 ug/g FBl, 4.8 ug/g FB2) fiber 
meee agro), 2.6 ug/g FBZ). A significant portion (22%) of the 
recoverable fumonisins was found in the steep and process waters. 
Certain benefits of processing of contaminated grains occur through 
the production of some mycotoxin-free fractions. Ongoing studies 
may elucidate process changes or preconditioning of grains which 
could further reduce or eliminate mycotoxins from processed grain 
products. 
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MODE OF ACTION OF FUMONISINS AND RELATED COMPOUNDS AND 
IMPLICATIONS FOR POSSIBLE PLANT CONTROL STRATEGIES. R.T. Riley and C.W. 
Bacon. Toxicology and Mycotoxin Research Unit, USDA/ARS, Athens, GA 30604-5677. 


Recent work in our laboratory has been directed towards elucidation of the biochemical 
mechanism of action of fumonisins in animal and plants. The results of these studies indicate that 
fumonisins and the structurally related AAI-toxins are potent and specific inhibitors of de novo 
sphingolipid biosynthesis (Fig. 1) in animals, plants (including corn), and fungi (yeast). Inhibition 
of the enzyme ceramide synthase results in disruption of sphingolipid metabolism. Disruption of 
sphingolipid metabolism results in marked changes in the intracellular concentration of bioactive 
lipid intermediates and end-products. Many of the affected lipids are known to be involved in 
intracellular signalling systems which control many aspects of cellular regulation. Proven effects 
include altered cell-cycle progression, differentiation, programmed cell death, and agonist-induced 
responses which are coupled to intracellular signal transduction systems. AAI-toxin is a proven 
pathogenicity factor for Alternaria alternata f.sp. lycopercici-induced stem canker disease in 
tomato. Fumonisins have yet to be proven to be pathogenicity or virulence factors in Fusarium 
moniliforme-induced corn diseases. Nonetheless, both groups of toxins inhibit ceramide synthase 
in susceptible tomato varieties and fumonisins inhibit ceramide synthase in corn. Resistant 
varieties of tomato also show evidence of disrupted sphingolipid metabolism but appear to be able 
to metabolism accumulated sphinganine. Sphinganine and its degradation product sphinganine-1- 
phosphate have been proven to be highly toxic to both animal and plant cells. Thus, the ability of 
resistant plants to metabolize sphinganine could play a role in resistance to the toxic effects of 
AA\I-toxin and fumonisins in plants. These studies on the mechanism of action have led us to 
hypothesize that the production of fumonisins by F. moniliforme in situ in corn may play an 
important role in the ecology of the fungal/plant interaction. Understanding the role of 
fumonisins in the plant/fungal interaction will fill existing gaps in the basic knowledge necessary to 
develop control strategies aimed at increasing plant resistance and reducing the occurrence of 
fumonisin in corn. 
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Figure 1. Inhibition of ceramide synthase by FB1 and AAL toxin. 

The consequences of inhibition are a decrease in de novo sphingosine 
biosynthesis, a decrease in complex sphingolipids, and an increase in 
free sphinganine , sphingosine, sphinganine 1--phosphate, 
phosphatidyl ethanolamine and other phospholipids, lipid products 
and degradation products. 


FUSARIUM MONILIFORME IS A SYMPTOMLESS ENDOPHYTE OF CORN. CW. 
Bacon, D.M. Hinton, R.T. Riley, I.E. Yates, and F. Meredith. Toxicology and Mycotoxin 
Research Unit, USDA, ARS, Athens, GA 30604-5677. 


Fusarium moniliforme Sheldon is a nonobligate parasite of corn that produces several 
mycotoxins. This fungus is also associated with 32 genera of plants. F. moniliforme causes 
systemic infections of corn kernels, which then serve as dissemination vehicles and inoculum 
sources. Infected plants usually will not show disease symptoms, particularly under well 
managed systems. A small percent (less than 10%) of all infected plants will develop one 
of several symptoms of the disease complex associated with infection by this fungus. 
Symptomless infections were studied at the light and ultrastructural level in corn plants, and 
was compared with plants that eventually showed symptoms of seedling disease. Three 
isolates of F. moniliforme, a hygromycin mutant of two of these isolates, and F. fujikuroi were 
used to infect surface and internally sterilized corn kernels, and symptomatic and 
symptomless infections were observed for 8 weeks. The results indicated that in 
symptomless infected plants, hyphae were intercellular only and distributed throughout the 
plant, whereas in plants showing disease symptoms, the fungus was both intercellular and 
intracellular. Early evidence of an antagonistical reaction was observed by the production 
of papilla or wall apposition below the contact points of fungus and plant cell walls. 
Symptomless plants remained symptomless throughout the observation period, and at the 
ultrastructural level there was no evidence of an antagonistic relationship. This indicates 
that the symptomless state persists beyond the seedling stage and could contribute, without 
visual signs, to the total mycotoxin contaminants of corn both before and during kernel 
development. Thus, studies directed at determining whether the endophytic infection of corn 
is either latent or biochemically active, and studies on the nature of this apparent 
compatibility between corn and F. moniliforme are warranted. 
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Fumonisin- and AAL-Toxin-Induced Disruption of 
Sphingolipid Metabolism with Accumulation of 
Free Sphingoid Bases' 


Hamed K. Abbas, Tatsumi Tanaka, Stephen O. Duke, James K. Porter, Emma M. Wray, Linda Hodges, 
Annette E. Sessions, Elaine Wang, Alfred H. Merrill, Jr., and Ronald T. Riley* 


Southern Weed Science Laboratory, United States Department of Agriculture/Agricultural Research Service, 
Stoneville, Mississippi 38776 (H.K.A., S.O.D.); Ube Industries, Ltd., Ube City, Japan (T.T.); Toxicology and 
Mycotoxins Research Unit, United States Department of Agriculture/Agricultural Research Service, P.O. Box 
5677, Athens, Georgia 30604-5677 (J.K.P., E.M.W., R.T.R.); Department of Chemistry, Agnes Scott College, 
Atlanta, Georgia (L.H., A.E.S.); and Department of Biochemistry, Emory University School of Medicine, 
Atlanta, Georgia 30322 (E.W., A.H.M.) 


Fumonisins (FB) and AAL-toxin are sphingoid-like compounds 
produced by several species of fungi associated with plant diseases. 
In animal cells, both fumonisins produced by Fusarium moniliforme 
and AAL-toxin produced by Alternaria alternata f. sp. lycopersici 
inhibit ceramide synthesis, an early biochemical event in the animal 
diseases associated with consumption of F. moniliforme-contami- 
nated corn. In duckweed (Lemna pausicostata Heglem. 6746), 
tomato plants (Lycopersicon esculentum Mill), and tobacco callus 
(Nicotiana tabacum cv Wisconsin), pure FB, or AAL-toxin caused 
a marked elevation of phytosphingosine and sphinganine, sphin- 
goid bases normally present in low concentrations. The relative 
increases were quite different in the three plant systems. Nonethe- 
less, disruption of sphingolipid metabolism was clearly a common 
feature in plants exposed to FB, or AAL-toxin. Resistant varieties 
of tomato (Asc/Asc) were much less sensitive to toxin-induced 
increases in free sphinganine. Because free sphingoid bases 
are precursors to plant “ceramides,” their accumulation suggests 
that the primary biochemical lesion is inhibition of de novo cer- 
amide synthesis and reacylation of free sphingoid bases. Thus, in 
plants the disease symptoms associated with A. alternata and F. 
moniliforme infection may be due to disruption of sphingolipid 
metabolism. 


STRATEGIES TO CONTROL FUSARIUM TOXINS IN CORN 
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TARGETING STRATEGIES FOR CONTROLLING FUSARIA TOXINS IN CORN. LE. 
Yates, C.W. Bacon, and D.M. Hinton. R. Russell Agr. Res. Center, ARS, USDA, Athens, 
GA 30604. 


An understanding of the Fusarium-corn interaction is essential before meaningful solution(s) 
can be devised to solve the problem of fusaria toxins in our food and feed supply. This point 
is underscored by past studies on fescue toxicity where the grass was infected by an 
endophytic fungus. Much time and many resources were devoted to developing fungus-free 
fescue because fungus-infected grass caused toxicity in cattle. Unfortunately, the fungal 
endophyte was discovered to be beneficial to plant growth and development. Thus, fungal 
free fescue was useless. Another incentive for analyzing the Fusarium-corn interaction relates 
to possible plant growth regulator production by the fungus. A major class of plant growth 
hormones, gibberellin, was first isolated from plants infected with the sexual form of 
Fusarium, Gibberella fujkuroi. Except visible deleterious manifestations, the impact of 
Fusarium on the growth and development of the corn plant has not been characterized. We 
have observed different patterns of growth in Fusarium-infected and non-infected corn plants. 
Alterations were distinguishable at both the gross morphological and cellular levels. No 
change in final form was noted, but an acceleration in the rate at which developmental 
milestones are reached was detected. These manifestations on plant growth and development 
will be quantified and their relationship and significance to cultural practices and harvestable 
yield will be explored. Another important aspect of the Fusarium-corn interface is identifying 
factors regulating plant growth that influence the fungal biomass required for toxin 
accumulation. Molecular markers will be developed to quantify fungal colonization and toxin 
concentration at various stages of plant growth. Selected Fusarium strains will be 
transformed with the GUS reporter gene so $-glucuronidase activity can be used to quantify 
and localize the active fungal biomass in corn. Analogous tissues will be collected to 
quantify fumonisin with fluorescent labeled antibody and immunocytochemical techniques. 
Corn plants inoculated with Fusarium will be grown under controlled greenhouse conditions 
and treated to varying environmental and nutritional regimes. Fungal growth and toxin 
concentration will be quantified in situ as the corn plant matures. Once the impact of 
Fusarium on growth of the corn plant has been clearly established, a more astute assessment 
can be made of the level(s) for developing control strategies for toxin production. Such 
control measures may require an integrated management scheme involving biological, cultural, 
and chemical means for reducing toxins to acceptable levels. In summary, devising strategies 
to control fusaria toxins in com is a complex problem and must be targeted at sites that do 
not reduce economic crop production. 


A BIOCONTROL ENDOPHYTIC BACTERIUM FOR THE ENDOPHYTIC 
COLONIZATION OF CORN BY FUSARIUM MONILIFORME. C. W. Bacon and D.M. 
Hinton. Toxicology and Mycotoxin Research Unit, USDA, ARS, Athens, GA 30604-5677. 


The bacterium Enterobacter cloacae has apparent affinities for several grass species, but it 
is not considered to be an endophyte. This bacterium is presently used for biocontrol of 
postharvest diseases of fruits and vegetables and as a preplant seed treatment for 
suppression of damping-off. While screening corn for fungi and bacteria with potential for 
biocontrol of various corn diseases, surface-sterilized kernels of one unknown Italian corn 
cultivar produced fungus-free corn seedlings with roots endophytically infected by E. cloacae. 
This paper describes the microscopic nature of E. cloacae RRC 101 with corn, and on the 
in vitro control of Fusarium moniliforme and other fungi with this bacterium. Light and 
electron microscopy determined that this isolate of E. cloacae was endophytically associated 
with corn seedling roots, stems and leaves, where it was distributed intercellularly among 
all tissue except the vascular types. This is a first report of a strain of this bacterium as an 
endophytic symbiont of plants. It was demonstrated that following a topical application of 
E. cloacae to kernels, and upon germination this bacterium readily infected roots of two 
other corn cultivars. The bacterium was observed within the endosperm of germinating corn 
seedling, but germination was not affected. Further, the bacterium was isolated from leaves 
and stems of 3- to 6-week-old seedlings indicating that the above ground portions of corn 
were colonized as plant growth proceeded. There was no evidence of damage to cells of the 
plants during a six to eight week observation period. This bacterium was antagonistic in 
Petri dish culture to several isolates of the corn pathogen Fusarium moniliforme, and to 13 
other species of fungi, many of which were corn pathogens. The germination of kernels 
removed from samples associated with equine leucoencephalomalacia and contained a high 
fumonisin B1 content was significantly increased in the presence of this bacterium. E. 
cloacae was antagonistic to the growth of F. moniliforme in two soil types as evidenced by 
a 40-fold reduction in colony forming units of the fungus in soils containing the bacterium. 
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A GENETIC ENGINEERING APPROACH TO LOWERING FUMONISIN LEVELS IN 
MAIZE KERNELS 


Michael J. Muhitch, Bioactive Constituents Research, National Center for Agricultural Utilization 
Research, USDA/ ARS, 1815 N. University Street, Peoria, IL 61604 


The presence of Fusarium moniliforme in asymptomatic, field-grown maize kernels is widespread, 
if not ubiquitous. Hyphae of F. moniliforme in asymptomatic kernels are confined to the pedicel 
- the basal maternal kernel tissues - where, under advantageous environmental conditions, they 
can invade the endosperm and embryo, producing fumonisin and other mycotoxins. The pedicel 
also acts as a conduit for the spread of F. moniliforme and other pathogenic fungi to surrounding 
kernels, via the cob. For these reasons, our approach to lowering mycotoxin levels in maize 
kernels is to introduce antifungal proteins into the pedicel region of the kernel. Previously, we 
have isolated and characterized a glutamine synthetase isoform (GSpl) that is found 
predominately within the pedicel and whose expression is developmentally regulated to correlate 
with grain fill. Currently, we are isolating the corresponding cDNA from a library prepared from 
pedicels harvested 15 to 18 days after pollination. Unique 3’ or 5’ non-coding regions of these 
clones will be used as probes to isolate the corresponding GSp1 gene from a maize genomic 
library. The 5’ upstream regions of these clones will be analyzed in a seed transient expression 
system for their ability to express reporter genes within the pedicel region. Suitable promoters 
will then be fused to the coding regions of antifungal proteins and introduced into maize via 
microprojectile bombardment. 
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FUNGAL GENETIC AND MOLECULAR APPROACHES 
TO FUSARIUM MYCOTOXIN RESEARCH 
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MEASUREMENT OF FUMONISIN LEVELS IN INDIVIDUAL CORN EARS FROM A 
TWO YEAR FIELD STUDY . 


Ronald D. Plattner, Anne E. Desjardins and Larry Claflin, Bioactive Constituents and Mycotoxin 
Research, National Center for Agricultural Utilization Research, USDA/ARS, 1815 N. University 


Street, Peoria, IL 61604 and Department of Plant Pathology, Kansas State University, Manhattan, 
KS 66506 


Fumonisins are produced by Fusarium moniliforme and closely related species on corn world 
wide. Our multi disciplinary research team has identified isolates of F. moniliforme that vary in 
their ability to produce fumonisins in the laboratory. In a two year field study seeds were treated 
to kill any fungus and then planted as controls or after addition of specific strains of F. 
moniliforme. Plants were samples at various points during growth and the ears were examined 
by a method utilizing vegetative compatability to determine if they were infected with the strain 
that was put on the seed, a different strain or no F. moniliforme. The strain placed on the seed 
was recovered in approximately 30% of the analyzed ears. These ears were also examined for 
fumonisin levels. The field test was conducted at the Rocky Ford experimental plot in Manhattan 
Kansas. 1993 was the wettest year on record at the test site and the crop had poor yield and 
severe disease problems. Fumonisin levels overall were quite high in all ears, but visual 
separation of discolored and damaged kernels was remarkably effective in lowering the overall 
fumonisin levels in the resulting sound corn. In the 1994 crop the yield was much better and 
overall disease levels were lower. Fumonisin levels overall were much lower and fumonisins 
were undetectable in many ears. Again visually separated discolored and damaged kernels had 
significantly higher fumonisin concentrations. The overall fumonisin levels in the sound fractions 
were not statistically different in 1993 and 1994 corn. 
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BIOCHEMISTRY AND GENETICS OF FUMONISIN BIOSYNTHESIS 


Anne E. Desjardins, Ronald D. Plattner, and Robert H. Proctor, Mycotoxin Research and 
Bioactive Constituents Research, National Center for Agricultural Utilization Research, 
USDA/ARS, 1815 N. University Street, Peoria, IL 61604 


Fumonisin mycotoxins are produced by Gibberella fujikuroi (Fusarium moniliforme) mating 
population A, a major pathogen of maize and sorghum worldwide. Our multidisciplinary 
research team is identifying fumonisin biosynthetic genes by both classical meiotic and molecular 
genetic methods. Meiotic analysis of naturally occurring fumonisin production mutants has 
identified three putative fumonisin biosynthetic loci. FumJ, which can control the ability to 
produce fumonisins, has been localized by marker-based mapping to one end of chromosome 1. 
Fum2 and fum3 appear to control hydroxylation of carbon-10 and carbon-5, respectively. 
Allelism tests indicate that fur], fum2 and fum3 are tightly linked and may constitute a gene 
cluster on chromosome 1. This finding is not unexpected because genes that control biosynthesis 
of aflatoxins and trichothecenes in several fungal species have recently been found to be 
organized in complex clusters. When marker-based mapping has localized the position of the 
fumonisin biosynthetic genes to a particular chromosomal region or regions, the genes will be 
identified by complementation of function via DNA-mediated transformation. Understanding 
fumonisin biosynthesis and its genetic regulation should facilitate development of measures to 
control fumonisin contamination. 
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SIGNIFICANCE OF MOLECULAR APPROACHES TO FUSARIUM MYCOTOXIN 
RESEARCH 


Thomas M. Hohn, Mycotoxin Research, National Center for Agricultural Utilization Research, 
USDA/ARS, 1815 N. University Street, Peoria, IL 61604 


Recent advances in the area of mycotoxin biosynthesis research have created opportunities for 
the application of direct molecular approaches to the isolation of mycotoxin pathway genes. The 
clustering of mycotoxin pathway genes has been observed for both trichothecene and aflatoxin 
pathways suggesting that gene clustering is a general feature of mycotoxin pathway gene 
organization. This is because gene clusters facilitate efforts to isolate pathway genes by 
presenting larger targets for molecular gene isolation strategies. It has also been observed that 
the branch point steps in both polyketide and non-ribosomal peptide pathways employ enzymes 
that contain highly conserved sequences useful for the design of molecular probes. Exploiting 
these aspects of mycotoxin pathways will greatly speed-up efforts to characterize pathway genes. 
We are presently employing these approaches to identify genes for the polyketide mycotoxins, 
fumonisin and zearalenone, and for the non-ribosomal peptide mycotoxin, beauvericin. Isolation 
of genes encoding branch-point step enzymes will permit us to create genetically defined 
mycotoxin-deficient mutants by gene disruption for studies of mycotoxin involvement in plant 
disease. These mutants will also be useful determining the contribution of specific mycotoxins 
to animal toxicity within the complex mixtures of mycotoxins produced by some Fusarium 
species. 
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TRICHOTHECENE BIOSYNTHESIS IN FUSARIUM 


Susan P. McCormick, Mycotoxin Research, National Center for Agricultural Utilization Research, 
USDA/ARS, 1815 N. University Street, Peoria, IL 61604 


The pathway for trichothecene toxin biosynthesis in Fusarium is being characterized by 
biochemical and molecular genetic methods. The biosynthesis of all trichothecenes proceeds 
from the sesquiterpene hydrocarbon trichodiene. The ordered sequence of oxygenations, 
isomerizations, cyclizations and esterifications leading from trichodiene to the more complex 
trichothecene toxins such as vomitoxin, diacetoxyscirpenol, and T-2 toxin has been established 
through experiments with Fusarium sporotrichioides, F. sambucinum, F. graminearum, and F. 
culmorum. For T-2 toxin biosynthesis: trichodiene -—» 2-hydroxytrichodiene — 
12,13-epoxytrichoene-2-ol — isotrichodiol — isotrichotriol > trichotriol > isotrichodermol > 
isotrichodermin -— 15-decalonectrin — calonectrin -— 3,15-diacetoxyscirpenol —> 
3,4,15-triacetoxyscirpenol — 3-acetylneosolaniol > 3-acetyl T-2 toxin > T-2 toxin. Trichothecene 
biosynthesis of vomitoxin shares most of the initial steps of this pathway; the branch point 
appears to occur after 15-decalonectrin. Trichothecene biosynthetic genes are clustered. At least 
eight genes involved in F. sporotrichioides trichothecene biosynthesis have been shown to be 
present on a single cosmid clone. The functions of these genes have been determined through 
biochemical analysis of mutants generated by molecular gene disruption. These include a 
sesquiterpene cyclase, cytochrome P450 monooxygenases, transacetylases and regulatory genes. 
By using molecular disruption of the gene encoding the sesquiterpene cyclase, mutants of F. 
sporotrichioides, F. sambucinum, and F. graminearum have been generated. Transformants 
carrying the disrupted allele produce no trichothecenes. 
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TRICHOTHECENE TOXINS AND WHEAT HEAD SCAB 


Robert H. Proctor, Anne E. Desjardins, Susan P. McCormick, and Thomas M. Hohn, Bioactive 
Constituents and Mycotoxin Research, National Center for Agricultural Utilization Research, 
USDA/ARS, 1815 N. University Street, Peoria, IL 61604 


Fusarium graminearum causes head blight (scab) of wheat, a disease that causes severe losses 
in the wheat crop of the eastern and central United States. In addition to reducing yield, the 
fungus produces trichothecene mycotoxins, such as deoxynivalenol, that are harmful to animals 
and humans that consume infected grain. The considerable amount of genetic information and 
energy devoted to trichothecene production in Fusarium suggests these toxins confer some 
advantage to the fungus. To determine whether trichothecene production contributes to the ability 
of F. graminearum to cause head blight, we generated trichothecene nonproducing mutants of 
the fungus by transformation mediated gene disruption of the 7ri5 gene. This gene encodes 
trichodiene synthase, the enzyme that catalyzes the first step in trichothecene biosynthesis. The 
virulence of two trichothecene nonproducing mutants was examined on wheat (cultivar Wheaton) 
plants under field conditions. The mutants caused less disease compared to the wild type 
trichothecene producing strain from which they were derived. To confirm that the reduced 
virulence of the mutants was due specifically to the disruption of the 7ri5 gene rather than some 
nonspecific effect of the transformation process, a mutant strain was induced to revert to wild 
type. In the revertant strain, the disrupted 7ri5 reverted to the wild type 7ri5 and as a result the 
strain regained the ability to produce trichothecenes. The revertant strain also regained the ability 
to cause high levels of disease. These results indicate that the trichothecene production 
contributes to the ability of F. graminearum to cause head blight of wheat and suggest that 
trichothecene resistant wheat may offer a means to control head blight and the resulting 
mycotoxin contamination problem. 
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